###### Significance of this study

What is already known about this subject?
=========================================

-   Clinical practice guidelines have been developed to help identify and minimize risk factors for complications of type 1 diabetes mellitus, and ensure that treatment targets are met.

What are the new findings?
==========================

-   In a population-level survey of three Australian states, children with type 1 diabetes mellitus aged 0--15 years in 2012--2013, care was in keeping with clinical practice guidelines on average 80% of the time.

-   This did not differ significantly by acuity, location or care setting.

-   However, screening for psychological disorders in children with suboptimal glycemic control only occurred in a third of children (37.9%; 95% CI 11.7 to 70.7).

How might these results change the focus of research or clinical practice?
==========================================================================

-   Clinical care is generally not affected by acuity, location or care setting; however, there remains room for increasing adherence to guidelines around screening for psychological disorders.

Introduction {#s1}
============

Type 1 diabetes mellitus (T1DM) is an increasingly common and chronic illness that often begins in childhood.[@R1] It is associated with substantially increased morbidity and mortality risks. Epidemiological data suggest a reduction in lifespan of 8--13 years, which has been primarily attributed to the cardiovascular disease associated with the condition.[@R2] Australia has a high incidence of T1DM, with \>10 000 children affected nationally.[@R4] As such, T1DM has been classified as a national health priority by the Australian government.[@R5]

To reduce the long-term burden of illness, it is important to identify and minimize risk factors for complications of T1DM, and ensure that treatment targets are met.[@R6] Despite the significant health impacts of T1DM, worldwide data suggest that risk factors are not minimized and targets are not met. Clinical practice guidelines (CPGs) have been developed to help optimize and standardize the delivery of evidence-based care of children with T1DM across all healthcare settings, which has proven health benefits.[@R7] Historically, compliance with guidelines has been suboptimal and, more recently, efforts have been made to close this gap.[@R8]

The CareTrack Kids (CTK) study assessed adherence to CPGs for 17 conditions in Australian children aged 0--15 years, in 2012 and 2013, including T1DM.[@R15] Here, we present and discuss the proportion of children with T1DM that received care in line with CPGs at indicator level, in hospitals and from pediatricians in private practice in the community.

Methods {#s2}
=======

The CTK methods have been described in previous publications.[@R15] The authors describe the relevant aspects of this analysis of T1DM results.

Development of indicators {#s2-1}
-------------------------

We defined a clinical indicator as a measurable component of a standard or guideline, with explicit criteria for inclusion, exclusion, time frame and practice setting. Indicators were derived by modification and application of the RAND-UCLA Delphi method. A systematic search for local CPGs related to care of children with diabetes was conducted. Two CPGs related to T1DM were found and 233 candidate recommendations were extracted according to a specified protocol.[@R17] We initially screened recommendations for eligibility and excluded recommendations based on four criteria: (1) weak strength of wording (eg, 'may' and 'could'); (2) low likelihood of the information being documented in medical records; (3) guiding statements without recommended actions and (4) 'structure-level' recommendations (eg, requirements for healthcare professionals to be aware of local policies). Seventy-seven recommendations were screened out, leaving 156 for clinician review.

Two stages of clinician review were conducted. Internal review was undertaken using email by clinicians associated with the CTK study, two pediatricians and a general practitioner. Recommendations were excluded if they were assessed as having low acceptability, feasibility, appropriateness, impact or if the concept was covered in another recommendation. At the end of three rounds of internal review, a further 137 recommendations were removed, leaving 19 to be considered by external reviewers.

External reviewers were recruited via advertisements to the members of relevant medical colleges, and through local networks. Five pediatricians were recruited to undertake three rounds of external review, on a customized wiki site, using the same criteria as internal reviewers. Four recommendations were removed through this process, and the remaining 15 recommendations were broken into 35 distinct audit indicator questions (see [online supplementary appendix 1](#SP1){ref-type="supplementary-material"} for full listing).
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Sample size and sampling process {#s2-2}
--------------------------------

The CTK study audited the medical records of children aged ≤15 years receiving care in 2012 and 2013. We targeted 400 medical records for T1DM and 6000 medical records for 16 other conditions across regional, metropolitan and tertiary healthcare settings. For every visit for T1DM care found in the 6400 medical records, a separate assessment of indicator adherence was made.

Details on the general sampling methods are provided in the original paper[@R15]; additional details specific to T1DM can be found in [online supplementary appendix 2](#SP2){ref-type="supplementary-material"}. Briefly, we sampled medical records at four healthcare settings: (1) hospital inpatients, (2) emergency departments (EDs), (3) general practices (GPs), providing primary care and (4) pediatricians in community-based settings. These settings were chosen within randomly selected health department administrative units ('health districts') in the Australian states of Queensland, New South Wales and South Australia; approximately 60% of Australian children live in these three states. Sampling of GPs for T1DM was restricted to a subset of the GPs; given the relative rarity of the condition and the restricted sampling, only 7 GPs were identified as providing T1DM services to children, with 10 children having 31 visits---as the representativeness of these results is unclear, we decided to restrict the current analysis to hospital-based and community-based specialist services. [Figure 1](#F1){ref-type="fig"} illustrates the breakdown of medical record reviews by state and healthcare provider type, for the three selected types of setting. Response rates in the main CTK study varied by setting: 92% (34 of 37) of eligible hospitals agreed to participate, but the estimated recruitment rates were 25% (20 of 80) for pediatricians (see [online supplementary appendix 2](#SP2){ref-type="supplementary-material"}).[@R15]
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![Visits of children for diabetes care, by state and healthcare provider type\*. \*Total number of visits to emergency departments=269; total number of admissions to hospital=186; total number of private pediatrician consultations=84. Total number of diabetes assessments in: New South Wales=263; Queensland=209 and South Australia=67. Total number of visits assessed for care of diabetes in sampling frame=539.](bmjdrc-2019-001141f01){#F1}

Data collection {#s2-3}
---------------

Data were collected by eight experienced pediatric nurses (surveyors), trained to assess eligibility for indicator assessment and compliance with CPGs. Indicators that were not relevant to a particular setting were automatically designated as not applicable; for each other indicator, surveyors determined whether the indicator was relevant to the visit and, if judged relevant, assessed compliance as 'yes' (care was compliant) or 'no' (relevant, but compliance not documented).

Analysis {#s2-4}
--------

Adherence at indicator level was estimated as the proportion of indicators relevant to the visit that were assessed as compliant ('yes'). Indicators were aggregated by type of care, and adherence was also estimated for each type: 'diagnosis' assessed the presence of diagnostic confirmation and baseline investigations (indicators 1--4; n=4); 'routine care' assessed the quality of routine clinical care (indicators 5--12 and 28--30; n=11) and 'emergency care' assessed the emergency care of children presenting with diabetic ketoacidosis (indicators 13--27 and 31--35; n=20). Results by care type were separately estimated by stratum (tertiary hospitals, which have statewide responsibilities, metropolitan and regional geographical location) and by healthcare setting.

Sampling weights were constructed as specified in [online supplementary appendix 2](#SP2){ref-type="supplementary-material"}, to adjust for oversampling of states, health districts and healthcare settings. The weighted data were analyzed in SAS/STAT V.9.4 (SAS Institute, Cary, North Carolina, USA), using the [SURVEYFREQ]{.smallcaps} procedure. Variance was estimated by Taylor series linearization and the primary sampling unit (health district) was specified as the clustering unit. Stratification and, where appropriate, domain analyses were used (see [online supplementary appendix 2](#SP2){ref-type="supplementary-material"}). Exact 95% CIs were generated using the modified Clopper-Pearson method, except when the point estimate was 100% where the unmodified Clopper-Pearson method was used.[@R18]

Indicator and group estimates were both suppressed if there were \<25 eligible visits. Adherence rates for different care types were not compared statistically because the results are not independent; in one visit, for example, both diagnostic and routine care indicators were assessed. Similarly, ED and inpatient results were not compared statistically as they are drawn from the same medical records. Within each care type, we compared pairwise differences in adherence rates for routine care between strata (metropolitan vs regional vs tertiary hospital) and within the routine care type we calculated differences between pediatricians and EDs, and between pediatricians and inpatients (there was insufficient pediatrician data in the diagnosis care type, and no pediatrician indicators in the emergency care type). Where calculated, statistical significance was estimated using the F-test approximation of the Rao-Scott χ^2^ test, which adjusts for the design effect.

Results {#s3}
=======

Information about the 251 children with one or more eligible assessments of adherence to CPG for T1DM is provided in [table 1](#T1){ref-type="table"}. Almost half the children were aged 12 years or older, with almost equal number of males and females. Each child had a median of two healthcare visits across the 2 years (range 1--14).

###### 

Characteristics of the 251 children with visits for diabetes

  Characteristic   N (%)
  ---------------- ------------
  Age\* (years)    
  \<5              29 (11.6)
  5--11            103 (41.0)
  12--15           119 (47.4)
  Male             124 (49.4)

\*The child's age was calculated as the age at visit where there was only one, or the midpoint of the child's age at her first and last healthcare visit, where there was more than one. Minimum age included was 6 months.

Of 19 635 possible recommendation assessments, 1897 (9.7%) were automatically filtered out as not being applicable to the selected healthcare setting, and 11 392 (58.0%) were designated as not applicable or otherwise ineligible, for example, not every healthcare visit was for diabetic ketoacidosis and so those indicators would not be assessed. The field team conducted 6346 eligible assessments grouped into 539 visits, at a median of 10 indicators per visit (range 1--26). Diabetes indicators were assessed in 9 pediatrician's practices, 33 hospital EDs and 27 hospital inpatient settings.

Quality of care {#s3-1}
---------------

The assessed adherence for each indicator is shown in [table 2](#T2){ref-type="table"}. The average adherence across all indicators and settings was 79.9% (95% CI 69.5 to 88.0).

###### 

Adherence by indicator

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Recommendation                                                                                                                                                                                                                                                                                                     No. of\    No. of\   Proportion adherent\
                                                                                                                                                                                                                                                                                                                     children   visits    % (95% CI)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------- --------- ----------------------
  1\. Children and adolescents with type 1 diabetes, at diagnosis, received investigations for insulin antibodies.                                                                                                                                                                                                   103        127       80.3 (64.0 to 91.5)

  2\. Children and adolescents with type 1 diabetes, at diagnosis, received investigations for GAD antibodies.                                                                                                                                                                                                       102        126       81.3 (63.6 to 92.8)

  3\. Children and adolescents newly diagnosed with type 1 diabetes were screened for celiac disease (total IgA, antigliadin Ab, tissue transglutaminase Ab).                                                                                                                                                        105        136       88.4 (76.1 to 95.8)

  4\. Children and adolescents newly diagnosed with type 1 diabetes were screened for thyroid dysfunction (TSH, fT4).                                                                                                                                                                                                106        137       90.8 (83.5 to 95.6)

  5\. Children and adolescents diagnosed with type 1 diabetes who presented with suboptimal glycemic control (eg, HbA1c \>10% or 86 mmol/mol) were assessed for co-occurrence of psychological disorders using a validated screening tool.                                                                           61         128       37.9 (11.7 to 70.7)

  6\. Children and adolescents diagnosed with type 1 diabetes who presented with insulin omission were assessed for co-occurrence of psychological disorders using a validated screening tool.                                                                                                                       24         45        58.7 (22.4 to 89.0)

  7\. Children and adolescents diagnosed with type 1 diabetes who presented with disorder eating behaviours were assessed for co-occurrence of psychological disorders using a validated screening tool.                                                                                                             14         19        Insufficient data

  8\. Children and adolescents diagnosed with type 1 diabetes who presented with recurrent admissions for DKA were assessed for co-occurrence of psychological disorders using a validated screening tool.                                                                                                           12         22        Insufficient data

  9\. Children and adolescents with type 1 diabetes had an intensive glycemic control plan implemented that included MDI or CSII.                                                                                                                                                                                    237        492       98.4 (95.7 to 99.6)

  10\. Children and adolescents with type 1 diabetes had an intensive glycemic control plan implemented that included frequent insulin dose adjustment.                                                                                                                                                              237        494       98.3 (95.5 to 99.6)

  11\. Children and adolescents with type 1 diabetes had an intensive glycemic control plan implemented that included blood glucose level monitoring at least four times per day.                                                                                                                                    237        496       86.8 (52.8 to 99.2)

  12\. Children and adolescents with type 1 diabetes had an intensive glycemic control plan implemented that included monitoring of HbA1c at least 4-monthly.                                                                                                                                                        230        482       89.2 (79.7 to 95.2)

  13\. Children and adolescents with type 1 diabetes who presented with signs of DKA had their level of dehydration recorded as mild (\<4%), moderate (4%--7%) or severe (\>7%).                                                                                                                                     138        242       53.7 (38.7 to 68.2)

  14\. Children and adolescents with type 1 diabetes who presented with signs of DKA had their vital signs monitored.                                                                                                                                                                                                135        241       100 (98.5 to 100)

  15\. Children and adolescents with type 1 diabetes who presented with signs of DKA had their level of consciousness assessed using the Glasgow coma scale.                                                                                                                                                         135        240       75.7 (64.1 to 85.1)

  16\. Children and adolescents with type 1 diabetes who presented with signs of DKA had their airway and breathing assessed and maintained.                                                                                                                                                                         135        241       96.3 (89.1 to 99.3)

  17\. Children and adolescents with type 1 diabetes who presented with signs of DKA had their blood glucose, urea and electrolytes (sodium, potassium, calcium, magnesium, phosphate) assessed at the time of presentation.                                                                                         135        228       70.2 (54.6 to 83.0)

  18\. Children and adolescents with type 1 diabetes who presented with signs of DKA had their blood ketones (bedside test) assessed at the time of presentation.                                                                                                                                                    135        229       84.4 (71.9 to 92.8)

  19\. Children and adolescents with type 1 diabetes who presented with signs of DKA had their venous blood gas (including bicarb) assessed at the time of presentation.                                                                                                                                             135        228       87.8 (75.8 to 95.2)

  20\. Children and adolescents with type 1 diabetes who presented with signs of DKA and tested negative for ketones were managed with subcutaneous insulin.                                                                                                                                                         26         29        92.7 (76.7 to 99.0)

  21\. Children and adolescents with type 1 diabetes who presented with signs of DKA and had a normal pH in the presence of ketones were managed with subcutaneous insulin.                                                                                                                                          53         80        73.6 (38.4 to 94.9)

  22\. Children and adolescents with type 1 diabetes who presented with signs of DKA and a BGL ≥11.1 mmol/L had blood ketones tested on a capillary sample.                                                                                                                                                          131        226       82.4 (73.5 to 89.3)

  23\. Children and adolescents with type 1 diabetes who presented with severe DKA (blood glucose \>11 mmol/L, venous pH \<7.1, bicarbonate \<5 mmol/L) and hypoperfusion (delayed capillary return, tachycardia for age) received a bolus of 0.9% normal saline (10 mL/kg).                                         36         50        88.8 (67.4 to 98.3)

  24\. Children and adolescents with type 1 diabetes who presented with severe DKA (blood glucose \>11 mmol/L, venous pH \<7.1, bicarbonate \<5 mmol/L) and hypoperfusion (delayed capillary return, tachycardia for age) received rehydration with normal saline and potassium.                                     34         50        97.5 (88.6 to 99.9)

  25\. Children and adolescents with type 1 diabetes who presented with severe DKA (blood glucose \>11 mmol/L, venous pH \<7.1, bicarbonate \<5 mmol/L) and hypoperfusion (delayed capillary return, tachycardia for age) had their fluid type adjusted according to ongoing sodium, potassium and glucose levels.   31         47        100 (92.5 to 100)

  26\. Children and adolescents with type 1 diabetes who presented with DKA and a potassium \>5.5 mmol/L, or were anuric, had commencement of potassium replacement therapy deferred.                                                                                                                                10         12        Insufficient data

  27\. Children and adolescents with type 1 diabetes who presented with moderate-to-severe DKA had a repeat serum potassium within 1 hour of insulin being commenced.                                                                                                                                                72         105       71.6 (57.1 to 83.4)

  28\. Children and adolescents with type 1 diabetes were provided with face-to-face education within 6 weeks of diagnosis by a qualified dietician on accurate carbohydrate counting.                                                                                                                               117        176       67.7 (21.6 to 96.5)

  29\. Children and adolescents with type 1 diabetes had a comprehensive sick-day management plan in their medical record that included blood ketone measurement (or urine ketone measurement if blood ketone was not available).                                                                                    230        454       50.8 (25.3 to 76.0)

  30\. Children and adolescents with type 1 diabetes had a comprehensive sick-day management plan in their medical record that included written guidelines and details on 24 hours access to clinical advice.                                                                                                        231        458       56.8 (40.3 to 72.3)

  31\. Children and adolescents with type 1 diabetes with DKA were referred at presentation for consultation with a local pediatric team.                                                                                                                                                                            124        216       98.4 (95.6 to 99.6)

  32\. Children and adolescents with type 1 diabetes with hypernatremia or hyponatremia were referred at presentation for consultation with a local pediatric team.                                                                                                                                                  48         70        97.8 (90.8 to 99.8)

  33\. Children aged \<18 months with type 1 diabetes who presented with DKA were transferred to and/or consulted with tertiary care for intensive care monitoring.                                                                                                                                                  10         11        Insufficient data

  34\. Children and adolescents with type 1 diabetes who presented with DKA and coma were transferred to and/or consulted with tertiary care for intensive care monitoring.                                                                                                                                          2          2         Insufficient data

  35\. Children and adolescents with type 1 diabetes who presented with DKA and signs of cerebral edema were transferred to and/or consulted with tertiary care for intensive care monitoring.                                                                                                                       6          7         Insufficient data
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ab, antibodies; BGL, blood glucose level; CSII, continuous subcutaneous insulin infusion; DKA, diabetic ketoacidosis; fT4, free thyroxine (T4); GAD, glutamic acid decarboxylase; HbA1c, hemoglobin A1c; IgA, immunoglobulin A; MDI, multiple daily injections; TSH, thyroid-stimulating hormone.

Adherence is not reported for 6 of the 35 indicators, as they were assessed in \<25 visits. For the 29 indicators where adherence was reported, compliance ranged from 37.9% for indicator 5 '*Children and adolescents diagnosed with type 1 diabetes who presented with suboptimal glycemic control (eg, HbA1c \>10% or 86 mmol/mol) were assessed for co-occurrence of psychological disorders using a validated screening tool*', to 100% for indicators 14 '*Children and adolescents with type 1 diabetes who presented with signs of DKA had their vital signs monitored*' and 25 '*Children and adolescents with type 1 diabetes who presented with severe DKA (blood glucose \>11 mmol/L, venous pH \<7.1, bicarbonate \<5 mmol/L) and hypoperfusion (delayed capillary return, tachycardia for age) had their fluid type adjusted according to ongoing sodium, potassium and glucose levels*'. The IQR for individual indicator adherence was 71.6%--96.3%.

The only indicator that was adhered to in fewer than half of the visits was screening for psychological disorders in children presenting with suboptimal glycemic control (37.9%; 95% CI 11.7 to 70.7; indicator 5). There was also poor adherence to indicators requiring documentation of sick-day emergency plans, including the need for ketone measurement (50.8%; 95% CI 25.3 to 76.0; indicator 29) and details of 24 hours sources of clinical advice (56.8%; 95% CI 40.3 to 72.3; indicator 30). An indicator about education on carbohydrate counting had two-thirds adherence (67.7%; 95% CI 21.6 to 96.5; indicator 28).

For each of the three care types, [table 3](#T3){ref-type="table"} shows the estimated adherence in Metropolitan and Regional geographical strata and separately in tertiary pediatric hospitals, which have state-wide roles. Within each care type, the estimated adherence did not statistically significantly differ between the three strata (p\>0.50 for each pairwise comparison). Adherence to indicators relating to diagnosis was estimated at 86.1% (95% CI 76.7 to 92.7), 78.8% for routine care (95% CI 65.4 to 88.9) and 83.9% for emergency care (95% CI 78.4 to 88.5).

###### 

Adherence by care type and geographic/tertiary hospital strata

  -------------------------------------------------------------------------------------------------------------------------------------------------------
  Care type        Indicators       Geographical regions and tertiary hospitals\*   No. of\    No. of\               No. of\      Proportion adherent,\
                                                                                    children   visits                indicators   % (95% CI)
  ---------------- ---------------- ----------------------------------------------- ---------- --------------------- ------------ -----------------------
  Diagnosis        01--04           Tertiary pediatric hospitals                    19         30                    105          79.5 (38.0 to 98.4)

  Regional         42               58                                              220        81.9 (65.6 to 92.7)                

  Metropolitan     46               57                                              201        89.0 (72.6 to 97.4)                

  All              107              145                                             526        86.1 (76.7 to 92.7)                

  Routine care     05--12, 28--30   Tertiary pediatric hospitals                    37         85                    603          76.0 (52.1 to 91.9)

  Regional         95               207                                             1310       83.9 (16.0 to 100)                 

  Metropolitan     110              215                                             1353       77.0 (34.1 to 98.0)                

  All              242              507                                             3266       78.8 (65.4 to 88.9)                

  Emergency care   13--27, 31--35   Tertiary pediatric hospitals                    29         58                    452          83.3 (65.6 to 94.2)

  Regional         57               114                                             1042       85.7 (78.8 to 91.0)                

  Metropolitan     78               121                                             1060       83.1 (68.7 to 92.8)                

  All              164              293                                             2554       83.9 (78.4 to 88.5)                
  -------------------------------------------------------------------------------------------------------------------------------------------------------

\*Metropolitan and regional strata were geographically defined; tertiary pediatric hospitals were sampled separately as they have statewide responsibility; five of the six tertiary hospitals were physically located in metropolitan regions.

Similarly, [table 4](#T4){ref-type="table"} presents the estimated adherence by healthcare setting for each of the three care types. There were no statistically significant differences between the estimated adherence by healthcare setting for routine care, the only care type where difference could be assessed: community pediatricians' adherence did not differ from adherence in inpatient settings (80.0% vs 82.1%, p=0.82) or ED settings (80.0% vs 62.0%, p=0.18).

###### 

Adherence by care type and healthcare setting

  --------------------------------------------------------------------------------------------------------------------------------------
  Care type        Indicators       Healthcare setting\*   No. of\    No. of\               No. of\               Proportion adherent\
                                                           children   visits                indicators assessed   % (95% CI)
  ---------------- ---------------- ---------------------- ---------- --------------------- --------------------- ----------------------
  Diagnosis        01--04           Pediatrician           4          5                     13                    Insufficient data

  ED               81               81                     308        73.8 (52.0 to 89.4)                         

  Inpatient        59               59                     205        82.9 (71.8 to 90.9)                         

  All              107              145                    526        86.1 (76.7 to 92.7)                         

  Routine care     05--12, 28--30   Pediatrician           33         83                    484                   80.0 (49.4 to 96.4)

  ED               163              240                    1486       62.0 (47.7 to 74.9)                         

  Inpatient        138              184                    1296       82.1 (76.6 to 86.9)                         

  All              242              507                    3266       78.8 (65.4 to 88.9)                         

  Emergency care   13--27, 31--35   ED                     135        175                   1596                  81.3 (72.6 to 88.1)

  Inpatient        95               118                    958        86.7 (78.1 to 92.8)                         

  All              164              293                    2554       83.9 (78.4 to 88.5)                         
  --------------------------------------------------------------------------------------------------------------------------------------

\*Pediatrician refers to clinicians working in a community setting and does not include hospital-based outpatient clinics.

ED, emergency department.

Discussion {#s4}
==========

This study characterizes the adherence of healthcare provision to CPGs, at a population level, in children with T1DM, aged 0--15 years from 2012 to 2013, restricted to hospital settings and community-based pediatrician visits in three states where 60% of Australian children reside. We have previously reported that children presenting with T1DM, care was consistent with CPG indicators three-quarters of the time (75.8%; 95% CI 66.5 to 83.6).[@R15] Restricted to hospital settings and community pediatricians, the overall estimate was 79.9% (95% CI 69.5 to 88.0). The current analysis demonstrates that, within each care type (diagnosis, routine care and emergency care), adherence was similar across metropolitan and rural geographies and tertiary hospitals. Care was also similar between community pediatricians and hospital settings for indicators relating to routine care. Although the overall rate of adherence was high, there were some important indicators with low adherence.

Children with T1DM have an increased prevalence of behavioral and psychological disorders.[@R19] These disorders are predictive of worse long‐term outcomes and decreased quality of life.[@R21] So, it was disappointing to see that only approximately a third of children with suboptimal glycemic control were screened for psychological disorders using a validated tool (indicator 5), although this should be interpreted cautiously as the CI shows a wide range. Few clinicians would challenge the importance of mental health, or the need for screening, but this study highlights it is one of the areas where there is a possible evidence-practice gap. Similarly, few would argue against the provision of sick-day emergency plans (indicators 29 and 30), but this too was an area where the selected professional groups underperformed, with roughly half having a documented plan that included either blood ketone measurement or details on 24 hours access to clinical advice. This group of indicators may be promising targets for local quality improvement activities.

Other indicators with lower adherence may reflect diversity in clinical practice. For example, an indicator about education on carbohydrate counting (indicator 28) had two-thirds adherence (67.7%), possibly reflecting the diversity of views on appropriate insulin management within the specialty.[@R7]

Previous studies have assessed the impact on glycemic outcomes for patients attending diabetes clinics in metropolitan versus rural areas but only at a state-based level.[@R22] Our study shows that in Australia, in three states containing the majority of the national pediatric population, the care provided at diagnosis, during routine follow-up and in an emergency is comparable regardless of location. We also found that the quality of routine care provided did not differ significantly between pediatricians in the community in comparison to ED or inpatient settings. These are important findings for future healthcare planning, especially considering the geographical isolation of many Australian children and the associated difficulty in accessing tertiary healthcare.

Our study findings, although derived from an Australian setting, are similar to international data. This includes self-reported adherence,[@R8] and prospective cohort studies[@R11] from the USA and Canada which assessed adherence to CPGs in the management of children with diabetes. The agreement of findings derived from studies using different methodologies provides greater confidence in the robustness of the result. CTK assessed a broader range of indicators than most. For example, the study by Amed *et al*[@R11] defined 'optimal adherence' as three diabetes-related physician visits/year, three HbA1c tests/year, one glucagon prescription dispensed/year and appropriate screening for diabetes-related comorbidity and complications. This contrasts with the 35 indicators ranging from diagnosis to routine and emergency care assessed in our study.

To our knowledge, only one study has attempted to improve adherence to T1DM practice guidelines in children.[@R26] This novel study found positive effects of a computerized decision aid in a diabetes clinic to improve the rate of screening for diabetes-related complications.[@R26] However, this study was limited by its retrospective evaluation and was only conducted in a single outpatient clinic. Given the increasing prevalence and burden of T1DM, it is surprising that further work in this area has not been performed.

The strength of our study lies in its extensive design in collating indicators from two sets of guidelines, combined with expert review, a comprehensive set of indicators used and large sample size in ED and inpatient settings. The assessment of adherence to CPG recommendations used a standardized, objective, peer-reviewed, quality-controlled format across a variety of healthcare settings and providers. This allowed assessment of the state of healthcare based on objective criteria without bias across multiple jurisdictions.

The study has several limitations. For example, guideline adherence is not always reflective of patient or healthcare provider perspectives on quality of care. A previous study has indicated that non-adherence may be attributed to a variety of reasons such as omission, systems issues or a conscious decision by the treating clinician not follow a particular recommendation.[@R27] Data acquisition in our study was reliant on medical records documentation meaning the full extent of the care provided may not have been captured, potentially leading to an underestimation of actual adherence. Moreover, the study was designed to assess guideline adherence, so we unable to comment on the extent to which adherence correlates with clinical and patient-level outcomes.

Another limitation is that healthcare for pediatric diabetes management is often provided in hospital outpatient clinics. Our sampling strategy only identified 31 visits in 7 of the 84 GPs sampled, so we excluded these from consideration in the current study, and we did not formally sample visits to all hospital outpatient clinics. A post hoc assessment of six children attending outpatient clinic visits in one tertiary hospital in each participating state, using the same indicators and assessed by the same surveyors, revealed an overall estimated adherence rate of 84.7% for 469 routine care indicators, not dissimilar to routine care in tertiary hospitals overall (76.0% from 603 routine care indicators; 95% CI 52.1 to 91.9). Finally, clinical practice is constantly evolving and the clinical practice guidelines we used do not necessarily reflect the latest developments in the field. For example, indicator 23 recommends a 10 mL/kg bolus of 0.9% normal saline for children with severe DKA but recent evidence suggests that this advice may not be superior to alternative fluid regimens; nevertheless, experts recommended this indicator for care in 2012 and 2013.[@R28] Finally, we note that guideline adherence may have changed since 2012--2013. While up-to-date feedback to clinicians would be preferable, health services research at this scale represents a significant logistical exercise resulting in unavoidable delays; the methods can be adapted for more rapid deployment at local level to provide clinicians with prompt feedback for quality assurance purposes.

Conclusion {#s5}
==========

A three-state sample of Australian children aged 0--15 years, in 2012 and 2013, with T1DM received care in line with CPG indicators an average of 80% of the time in hospital ED and inpatient setting and from community pediatricians. Importantly, compliance was similar across different care types, healthcare settings and providers. There remains room for improvement in adherence to CPG recommendations---in particular, screening for psychological disorders and provision of sick day management plans. This study acts as an important step towards promoting standardized care, improving outcomes and minimizing future disease burden.
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